Objective : The aim of this study is to assess the effectiveness and tolerability of autologous stem cell injection for the treatment of female stress urinary incontinence.
Introduction
Stress urinary incontinence (SUI) is the involuntary loss of urine from the urethra during coughing, sneezing or physical exertion [1] . It is the most common form of urinary incontinence in women affecting almost 25% of women [2] , with huge impact on the social and psychological state of patients. The pathogenesis of SUI is complex with physical trauma and abnormalities in extracellular matrix as possible causes. Also, genetic predisposition has been suggested. Current therapeutic modalities are diverse and none of which are satisfactory. Conservative management in the form of behavioral therapy, pelvic floor exercises and pharmacologic therapy are effective only in mild symptoms. Moreover, they are symptomatic and do not address the underlying pathology [3, 4] .
Surgical interventions aim at correcting underlying defect through sling procedures, artificial sphincter, and injectable bulking agents [5, 6] . Despite advances in these current lines of therapy, the prognosis remains below expectations. Regenerative medicine is a new branch of medicine that aims to restore function or alter biological state of the organ [7] . Regenerative medicine may use cell-based approaches or biomaterial injection. A number of cell-based approaches have been tackled by researchers in SUI; namely, chondrocyte injection, muscle cell injection, or pluripotent stem cells of embryonic, adipose or mesenchymal origin [8] . To our knowledge, this is the first clinical trial to evaluate the safety and short term efficacy of autologous mesenchymal stem cell therapy in cases of SUI.
Patients and Methods
This prospective study involved twelve women complaining of SUI. This study was carried out in the period from January 2014 till December 2015. Explanation of the procedure and written consent was taken for every patient recruited in this study. minutes. Afterwards, trypsin action was stopped by the addition of autologous serum viii. MSCs were washed using phosphate buffered saline (PBS), counted, tested for viability using trypan blue exclusion test ix. MSC were identified using immunophenotypic markers (positive for CD90, CD105, CD271, CD44 and negative for CD45 and CD34)
Inclusion criteria
x. Cells were suspended in sterile saline, a minimum of 2X106 MSCs cells in a 10 cc syringe, are periurethrally injected with trans-vaginal ultrasonography guidance or by endoscopy, in the region of the external urethral sphincter. Quality control check for the sterility by the performance of bacterial aerobic and anerobic cultures was done to ensure the complete aseptic conditions during the specimen retrieval, preparation, storage, and injection
Injection procedure
i. Stem cell injection was done under transvaginal ultrasonography guidance in 10 cases under local anesthesia and by urethrocystoscopy in 2 cases under spinal anesthesia
ii. Sterilization and draping of the field (from umbilicus to midthigh) with special consideration to introitus
iii. Urethral catheter, Foley's 16F was applied in cases performed under transvaginal ultrasound guidance to help assessing the bladder neck and presumed site of rhabdosphincter for proper injection of stem cells iv. Accessing the periurethra by a needle of a 10 cc syringe was done under transvaginal utlrasonography guidance at 3,9,12 o'clock, injecting around 3.5 cc in each port, at the presumed site of rhabdosphincter as it appears by transvaginal ultrasound v. In the 2 cases performed by urethrocystoscopy, we used the 22 F. sheath, and injection was done directly at the site of rhabdosphincter at 3,9,12 o'clock also, using a semi flexible 9F needle catheter vi. 3.5 milliliters were injected at each of the three sites (3, 9, 12 o'clock)
vii. No postoperative urethral catheters were applied viii. It was a one day procedure, all patients were discharged in the same day
Postoperative care
i. Prophylactic oral antibiotics and oral analgesics were prescribed to patients and were advised to avoid heavy lifting, exercise and sexual intercourse for 4 weeks ii. Postoperative assessment included patients' interview, subjective assessment of improvement, PVR, voiding diary, transvaginal ultrasonography to assess the thickness of both urethra and rhabdosphincter, assessment of continence grade and a patient questionnaire iii. Patients were scheduled for 4 visits, dating 1st, 2nd, 4th week post-stem cell injection and 3rd month visit
Statistical analysis
Retrieved data were recorded on an investigative report form. The data were analyzed with SPSS® for Windows®, version 15.0
(SPSS, Inc, USA). Description of quantitative (numerical) variables was performed in form of mean, standard deviation (SD) and range. Description of qualitative (categorical) data was performed in the form of numbers and percent. Analysis of numerical variables was performed by using student's unpaired t-test (for two groups) or ANOVA (for more than two groups). Significance level was set at 0.05.
Results
It was a prospective study conducted on 12 women with stress urinary incontinence. The objective cure rate in the 12 patients was 85% by cough stress test and no urine leakage during urodynamic study with increased intra-abdominal pressure while the subjective level of complete and partial patient satisfaction was 66.67% (8 patients) and 16.7% (2 patients) respectively. Complete patient satisfaction means no loss of urine under stress, no voiding difficulty, any urinary symptoms at filling. Partial patient satisfaction means that patient had periodic or rare episodes of dribbling at stress but considered themselves subjectively cured because incontinence occurred under extreme stress and no pads were required on a daily basis, two of the 12 patients (those with partial improvement) had multiple prior procedures for the treatment of SUI. Only two patients were unimproved (16.7% of cases). Table 1 and Figure 1 show an improvement in urethral pressure profilometry regarding the urethral closure pressure and functional urethral length.
Trans-vaginal ultrasonography before and after stem cell injection proved that there is a gradual increase in the bulk of the external sphincter "readings were taken 5 mm and 10 mm distal to bladder neck" along its 2 dimensions (anterior and posterior dimensions), a gradual increase in the bulk of the sphincter was noted ( Table 2 , 3 and Figure 2 ).
Summation of these results divided by number of readings gives us the overall mean increase in the bulk of sphincter post stem cell injection, which is 15.39% which means that stem cell injection builds around 1/7th of the sphincter tissue bulk again in 3 months, as shown in Figure 2 . Values are given as mean ±SD 
Discussion
SUI is a disorder involving involuntary leakage of urine with increased intra-abdominal pressure as during coughing or sneezing. It has a major detrimental effect on the medical and psychological quality of life of patients [9] . Effective closure of the urethra depends on the combined actions of pelvic floor muscles and urethral sphincter [10] . The pathophysiology of SUI is complex; Wen et al [11] demonstrated abnormal proteoglycan expression mediated by ovarian hormones in the extracellular matrix of pelvic floor muscles in women with SUI which may contribute to the pathogenesis of SUI [11] . Genetic predisposition was also suggested; Chen et al examined the differential expression of the genes involved in extracellular matrix metabolism and demonstrated alteration in genes involved in elastin metabolism pathway [12] . Wen et al also demonstrated altered transforming growth factor beta expression in the vaginal wall fibroblasts of women with SUI [13] . Treatment options for cases of SUI are surgical, medical, and behavioral in the form of pelvic floor exercises and electric stimulation of the pelvic floor muscles. Additionally, vaginal inserts can be used in cases prolapse. Medical treatment in the form of estrogen replacement is questionable [14] . Current gold standard in the treatment of SUI is the suburethral sling operation in a trial to reinforce the levator ani muscle and the supportive ligaments.
Regenerative medicine represents the new era in medicine, allowing for the first time to rebuild damaged tissues. Formation of new tissues needs the presence of cells, matrix or scaffolds and microenvironment [8] . Cellular options for regeneration in urinary incontinence are variable. Early trials used autologous chondrocytes making use of their ability to produce extracellular matrix. Chondrocytes are easily isolated from porcine ears and expanded in culture. Chondrocytes were injected endoscopically at the vesico-ureteral junction. The results were promising with 50% of patients cured for 12 months after a single injection. The main limitation of this study was the source of chondrocytes [15] [16] [17] .
Using myoblasts for SUI has been thoroughly investigated.
Myoblasts were demonstrated to survive and function in the urethral sphincter in animal models [18] . Myogenic progenitor cells were used as they can proliferate and form myotubules and new muscle tissue. One of the important clinical trials reported the use of autologous myoblasts and fibroblasts through transurethral ultrasound-guided injections. Follow-up showed 38 out of 42 women completely continent. However, this report was later retracted from Lancet [19] .
Stem cells were proposed as a source of repair of sphincter muscle. Stem cells are characterized by their ability to self-renew, proliferate and differentiate into many cell types according to the microenvironment they are implanted in [20] . Early trials with stem cells used embryonic stem cells. However, their clinical applications were not allowed due their liability to form ethical controversies [21] . Adult stem cells are more practical candidates for regenerative trials with no ethical concerns. Mesenchymal stem cells have many advantages in this setting; namely, easy isolation, high proliferative potential and efficient plasticity in vivo. They can be derived from adipose tissue, synovial membrane or bone marrow [22] . A number of workers used adipose-derived MSCs in-vitro for myogenic differentiation [23] and in experimental animal models [24] . Bone marrow derived MSCs were induced for myogenic differentiation in culture, this makes them a practical candidate for cell therapy [25] .
To our knowledge, this is the first clinical trial using autologous bone marrow derived injected intraurethral through transvaginal sonographic guidance. This trial was completely safe, with no complications over the follow-up period. Complete stoppage of dribbling was seen in 66.67% of the patients, and partial improvement was seen in 16.7%. However, urodynamic study with increased intra-abdominal pressure showed no urine leakage in 85% of patients. Increased sphincter bulk was seen in all cases with a mean of 15% increase. These findings are comparable to those of the myogenic progenitor cell trial [19] . Moreover, MSCs are easier in acquisition, isolation and expansion.
Conclusion & Recommendations
In view of such findings, stem cell injection is a simple, effective, and safe procedure for treating stress urinary incontinence. The short term results for this technique showed a success rate similar to that of the most effective techniques, without their disadvantages in terms of complications, particularly voiding dysfunction. However, further studies and longer term follow up are needed to confirm that this will be the standard form of treatment for stress urinary incontinence in the future, and to assess the duration of results.
